PPODIESIN THE DRYING OF SOILS 


» 594 
K56 
opy 1 


AMER SIs 
PRESENTED TO THE FACULTY OF THE GRADUATE SCHOOL 
OF CORNELL UNIVERSITY FOR THE DEGREE OF 
WPOCTOR OF PHILOSOPHY 


BY 
MILLARD ALSCHULER KLEIN 


Reprinted from JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY, Vol. 7, No. 2, 
: March-April, T915. 


g 


~, {Reprinted from JOURNAL OF THE AMERICAN Society OF AGRONOMY, Vol. 7, No.2, 1915 4 


STUDIES IN THE DRYING OF SOILS." 


MALL ARDY. INLERN, 


GORNELD UNIVERSITIES TAG oN So 


(Contribution from the Department of Soil Technology, Cornell University.) 


CO es TS. 
PAGE 
U NAEROIMOCIRIOE: (4 Be eee od cua See oan oan oe oe erro i 50 
TE TERN W om (One Len sINIE TR NTU es eee eared em uO BI go 2 007). ake: SAC aetsksyithane Htaeeet e 50 


EXPERIMENT 1, THE ErFFect oF Previous pee OF THE Soi To DIFFERENT 
MoisTURE CONTENTS ON PLANT FooD IN THE Sott AND PLANT GROWTH 54 


SOR tO et lt Saeco teat a y28 5, Rect ac antes re ee een eer ota. 2 cree eR en 54 
INierobvoxal sonic IOS <ipverripnbrevheMunorl so acenee ais Gee ciomn cis cau) ocho etna enreeencns © 55 
Effeet of Previous Moisture Content on Plant Growth............... 56 
Effect of the Previous Moisture Content on the PED TOS re Char- 

ASIN HECVET OMA NTROAD 4s sey ci er cach RR a Ro On So ACR Oe ees ne 56 
Effect of Previous Moisture Content on Crop Y oa Ae eet ae oe 58 


Effect of Previous Moisture Content on Total Nitrogen Ta TIER ee arm 
Effect of Previous Moisture Content on Certain Constituents in the 


NGatcm soluble Wtatten miele Soller ..cnecadere se anemic se oe 61 

Tota k AON I ees Ba chs ohne SMart olin yeni: mace Re eae ane ee 61 
Eitri coe eee are ae ev ae ea eee un SN een err a echo aperaci oe 62 
Botassium Galena andiehosplonus ge. seme ee aes ts ee oe 64 
(eine aeciuineehie itis ere eres tinue eee tors <3 60 
‘SN SUT eames ete eve er ee cease oy ie 9s Srey eae cee CsI TH Sr arcrer Code ea ee ne rae TE 66 


EXPERIMENT 2, THE Errect oF DryinGc a Soit oN ITS PHysioLocicaL CoNn- 
DITION AS MEASURED BY THE Carbon Dioxip Propuction AND NITRI- 


TSC NSU OUN Pe cs eS Stk ay we lege atria hs eRe pam oe Woy mia oP OY 8 ace Re 67 
Carbon Dioxid Produced on Dryme and Wetting a Soll ......2.5.4.- OF 
The Effect of Drying and Wetting a Soil on the Nitrates and Nitri- 

VST. OPM EAUTNG Coens erg et EEN eee rg aT aM cn vua ceca tices ato tue 69 

SS TULTA TTI cL 1s oe eee Se ae yt eae CRU ea nes eee vid eat aine cee: as 
IDS CUS STON OND CON ET WAS LOIN agit mae ee meetiete eed cere nee nyAN es oli Senos eadageel aaah 7D 
EPIBTOG ONPG a. cee tee eT cern nt yee Men ANAT. «are op eer enenees 75 


1A thesis submitted to the faculty of the Graduate School of Cornell Univer- 
sity in partial fulfillment of the requirements for the degree of Doctor of Phi- 
losophy by Millard Alschuler Klein, B.Se. Ithaca, N. Y:, February, luis. Re- 
eeived for publication March 2, 19015. 


49 


® 


eo) 


TOD RNS NIESO® Spee ANTEC IN SOC MS Ae OT NG GNiGiNiN, 


INTRODUCTION, 


The drying of the soil by exposure to intense sunlight fdr some 
tame has been made use of in certam arid regions of India to increase 
its productiveness. Since the drying of the soil in an arid region has 
a stimulating effect on crop growth, it is to be expected that the lower- 
ing of the moisture content in soils of the more humid regions, during 
seasonable changes, willinHuence their productiveness. “The drying of 
the soilis a process that depends entirely on the climatic conditions, the 
degree and duration depending on the amount and distribution of 
the rainfall in the region concerned, Ina study of the increased pro- 
ductiveness due to diving it will be necessary to consider the changes 
in the physical, chemical, and biological conditions of the soil. 

The change in the physical condition of the soil due to drying may 
vc tasily observed im the field. .\ better tilth wm obtained as shown by 
an mereased granulation. This increased vranulation is to a great ex 
tent dve to the flocculation of the colloidal material. 

The changes in the chemical composition due to drying have been 
studied bs mans investigators in relauen to the amount of plant food 
recoverable when a sample has been previously dried, under various 
conditions and temperatures. Great differences in the amount of plant 
food recovered have been observed when a sample has been previously 
dvicd, which would show that the drying of the soil in the field may 
vrcath influence the chemical composition. In the last decade much 
attention bas been given to the biological changes which are taking 
place in the soil, tn this connection drying has een considered as a 
partial sterilization, as the results have been similar to those obtained 
fron a qartial <tettizanion wiihesteair or aitiseptirs. 

The great importance of the biological factors cannot be ignored in 
the study of the drying of the soil, but at the present status of soil 
mvestigation they must be studied in connection with the biochentcal 
changes produced. 

itis the purpose of the investigation to study the effect of drying a 
soil on crop vield and its correlation with certain chemical and phys- 
Wlogical changes taking place in the soil. 


Review oe Lire wre RE 


Thdé successive drsing and wetting of a soil greatly affects its phys- 
al condiQon. “These processes cause an increased granulation, re- 
dace the size of the granules and forming lines of weakness and 
racks. In many wars this process is observed in the field but little 
fata have been obtained experimentally showing the effect of sueces- 
ive drvihe and wetting upon the physical condition. 


Pay 
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Wollny (1897 )° studied the effect of drying and wetting a soil on 
the volume change. The results show that a decrease in volume is 
obtained by drying and wetting. 

Cameron and Gallagher (1908) have shown that by repeated drving 
and wetting of a soil a point is reached where the volume on con- 
traction due to drying is equal to the expansion on wetting. This con- 
dion tine calla “omattiral packing” Gt the soil, 

Fippin (1910) measured the effect of a repeated wetting and drying 
on clay soil by the force necessary to cause penetration, This force 
is reduced one half by five dryings and to one third by twenty dryings, 


granulation being imereased 60 percent. 

The effect of drying a soil has long been a problem to the soi chem- 
ist. Warington (1882) recognized the importance of drving a soil 
on the nitrate content. Tle found a reduction of nitrates in an oven- 
dried sample. a greater reduction when slowly oven-dried and an 
increase when air-dried. The advises drving a sample in a room, at 
35° 60° F., for twenty-four hours as he found very little nitrification 
taking place at this temperature. 

Richter (18906) dried a garden soil in an oven at 100° C., and found 
an increase in the absorptive power for water and an increase in the 
nitrogen and soluble organic matter. 

The investigations of King (1905) on the amounts of plant food 
recoverable from field soils gives us the most valuable data on this 
subject. King conipared the amounts ef plant food recovered from 
fresnesoil, sail airciimed, and soil dial in ancren atte -«. He 
found more nitrates, phosphates, sulfates, bicarbonates, and silica, 
but less chlorides, recoverable from an oven-dried than from the fresh 
sample. The increase was greater than by washing the fresh sample 
with five times its weight in water. He considers that the merease 
nay be partly due to the releasing of the salts locked up in the organic 
matter. Another cause may be what he calls the “fixing ” power of 
soil grains, causing a concentration near the surface of the soil par- 
ticles which when dried are covered with the residues of evaporation 
and allow a greater solution than in the fresh soil. Ile also considers 
that the granular condition of the soil would allow a large amount of 
water to be carried within the granules, the subsequent drying bringing 
the salts to the surface and making them more aceessible to solution. 

(eather (tore) found wn aierease i the nitrates in soils that lad 
been dried in the sun at Pusa, India, the increase bemg four times as 
Siem 16 in the iresl sample. 

Kelley and MeGeorge (1913) studied the effect of drsing on the 


2 Dates in parentheses refer to bibliography at end of paper. 
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mineral constituents of Ifawaiian soils. (mn the average, drying the 
soils at Joo” C. increased the water-soluble carbonates, phosphates, 
manganese, calcium, magnesium, potassium, aluminum, sulphates, 
and silica over the air-dried soil. They consider that the causes 1n- 
volve many factors, both chemical and physical, as flocculation, de- 
hydration, oxidation, and the altering of the film pressure. 

Investigations have shown that drying a soil has an effect on its 
biological condition. These changes must be studied in relation to 
the chemical changes produced and may be considered biochemical. 
Early bacteriologists considered that the soil was merely sterilized 
when heated. In recent investigations soils heated to temperatures 
lower than 100° C. have been considered as partially sterilized. The 
drying of a soil may therefore be considered as a partial sterilization. 

Russell and Smith (1905) find that nitrifying organisms can be 
easily killed by an insufficient amount of moisture or by drying at 
LOO" 4, 

Rahn (1907) has made the most extensive investigations on the 
effect of drying soils on their physiological condition. From studies 
ow carbon dioxid and acid production in sugar solutions and ammonia 
production in peptone solutions he finds a greater bacteriological ac- 
tivity ina soil previously dried at room temperature than in the same 
soil kept moist. Greater differences were found in a rich garden soil 
than in a sandy soil. The number of bacteria were decreased, and 
this he considers difficnlt to explain if the effeet is on the bacterial 
activity. Te believes that the effeet can not be physical as an extract 
of the soil or a water suspension shows the same order of differences ; 
nor can it be the decomposition of the soil constituents because when 
phosphates and asparagin were added the same differences resulted. 
Mustard grew better on a soil previartsly dried. 

Pickering (1008) found that the heating of soils mhibited the ger- 
mination of certain seeds, and that the alteration of the soil began at 
temperatures as low as 30°C. No appreciable destruction of the 
detrimental sulstanee occurred when the soil was kept for several 
months in a moderately dry cendition, 

Further experiments by Pickering (1908) show an increase in the 
soluble organic material in sous heated to ge", Ge"; and So" Gand 
then exposed to the air for two months at summer temperatures and 
watered oceasionally. .\t higher temperatures a decrease was obtained. 

Russell and Tuteluinson (tg0q) (1913) have studied the effect of 
partial stertlization by heating with steam. They find an increased 
availability in plant food and an inereased plant growth. This they 
believe is related to a change in the bacterial flora, the larger phago- 
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cytic organisms being killed and the beneficial bacteria being allowed 
fe increase, 

Howard (1910) recognizes this effect in the soils which are exposed 
to the intense sunlight of India. The fertility is increased, and he 
believes that this may be due to an inhibiting effect of partial steriliza- 
tion on the protozoa, as reported by Russell and [lutchinson on, the 
studies of soils heated in the laboratory. 

Russell (1y10) recognizes the observation made by Howard and 
believes that the soils exposed to sunlight may be dried and heated 
sufficiently to renove the factor which limits the productiveness of 
the soil. This is shown in further investigations by Russell and 
Hutchinson (1913). They exposed the soil to a temperature of 
35-38° C. for varying intervals. Upon remoistening the samples, it 
was found that the factor which 1s detrimental to the fertility 1s tem- 
porarily inhibited by ten days’ drving. Soil exposed to sunlight for 
ten davs behaves in the same manner. The detrimental organisms 
are killed at 55—oo° C. and suffer considerably at lower tempera- 
tures (40° C.). They conclude that drying a soil has the same effect 
as heating at low temperatures; that is, it only temporarily eliminates 
the detrimental factor. 

Greig-Smith (1911) has shown that bacteriotoxins are destroyed 
at 94° C. He holds that upon remoistening the soil the more resist- 
aut bacteria multiply and become more numerous because of the ab- 
sence of bacteriotoxins. Sunlight and air-drying the soil destroy the 
toxins. 

Ritter (1912) made studies similar to those of Rahn amd] found 
(iat bacterial acuivite increased (01 haves aso ov dried sul eave 
quicker and more intensive action. “ Heavy” soil showed a greater 
difference than a “ light“ soil. A repeated drying and wetting caused 
a decrease in the activity. He concludes that the physical condition of 
a soil goes hand in hand with the physiological condition, 

Fischer (1913) discusses the work of Ralin and Ritter and com- 
ments on their conclusions. IJTe believes that more depends on the 
chemical composition than on the bacterial activity. Oxidation must 
be the principal factor, as the nitrates are increased on drying. vet the 
nitrifving organisms are killed, Ie thinks that colloids and surface 
tension must play an important part as a factor in this induced oxida- 
tion. 

Sharp (1913) studied the effect of drying by investigating soils that 
had been dried and kept in tightly a bottles for thirty years. 
These soils still contained an average of 358,000 organisms per gram. 
Ammonifyving organisms were present, but nitrification occurred only 
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jeebh m two of the nine soils examined. The nitrogen-fixing power 
Was maintained but the .\zotobacter forms were absent in all excepr 
one soil. Ele coneludes that there is no relation between numbers and 
physiological efficiency. 

Rassell and Petherbridge (igt3! found that plants grown on soils 
feated to §5° ©. show an acceleration im early growth succeeded by 
a stenly growth. An increase in plant food in the soil and an me 
Hrease i mitrogen, potassium, and phosphorus was found. 

lyon and Digzell (1913) fom that the drying of the soil durmeg 
seasonal meisture changes las both mereased and deercased’ tie 
nitrates, depending upon the kind of erop grown. dn an unplanted 
plot an inerease in soil moisture after a cry period has i most cases 
soll. 


mereased the mitrates in the 
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decompose. Some of the organic matter had not entirely decomposed 
This caused some difficulty in preparing the soil for the pots, as the 
ufidecomposed organic matter would tend to mass together. 


Method of Experimentation. 


The two soils were brought in from the field December 9, 19f4, thor- 
oughly mixed and put in 3-gallon pots. Fach pot contained rt kila- 
erams of wet soil. .\ moisture determination was made at this time 
and the pots were brought to complete saturation (40 per cent). All 
pots were removed to the field-house January rf, 1912. On February 
28, 1912, the pots were brought in from the feld-house. While the 
pots were in the field-house the soil was frozen and a number of them 
were broken. The remaining pots were then allowed to dry in the 
greenhouse until they reached their permanent moisture content, as 
Slow i lalibe 1. 
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Tabte 1 until December 10, 1912... Ther werethen, divaded 1) 4tave 
series. (ne series was prepared for planting by bringing all pots to 
25 percent muisture content. while the second series was kept bare 
at the different moisture contents. The division of the pots in two 
peties ds. Shaw itt Pabe 1: 

Qin January 14. 1013, all pots of series 1 were planted to Galgalos 
wheat. Forty seeds were planted in cach pot. .\ good germination 

“was secured and the seedlings were thinned to 12 plants. 


- ,Lifect of Precious Moisture Content on Plant Growin, 

Atan early stage soil No. 1 allowed a better growth. On April 29, 
1913, the pots that had been previously held at a high moisture con- 
tent showed a poorer growth than those held at a low moisture con- 
tetit. a\t the tinte of headime the plants mi pots 110, G41, anda 
were Much sinaller than others of the same series. On June 4, the 
plants im pots 437, 438. and 439 were making the best growth. 

Ci May 22, i eo ie seen that the drvmeBut-o1 asoil toga, 
moisture content previous to planting was having a beneficial effect 
on plant growth. In soil No. 2 the pots which had been held at 30 
percent moisture content previous to planting showe:l a poorer growth 
than the ones previously held at 40 percent. 

A more luxuriant growth was obtained on soil 2, the great dif- 
ference evidently being due to the greater amount of organic matter 
in soil] No, 2 or to some factor depending upon the organic content. 

Con Jnuea7, the plints vere Tolls heal bubawere wot entire ae: 
It was necessary to harvest on this date, however, owing to attacks 
made upon the plants by rodents in the greenhouse. The plants on 
soll No. I were somewhat nearer maturity than those on Soil No. 2. 
The plants from all pots were hung in the greenhouse and allowed to 
ripen completely. 

Millet was immediately planted, but a very poor growth of the 
seedlings was obtained. It was therefore replaced by buekwheat. 

The pots containing soil No. 1 had become so compact that it was 
necessary to lower the water content from 25 percent to 22 pereent. 
During the growth of the buckwheat little difference could be ob- 
served, It was evident that thet pots had reached a point where the 
previous moisture content had little effeet, or that buckwheat was not 
appreciably affected by changes in the moisture content. 


Effect of Previous Moisture Content on the Morphology of Wheat. 
\ study of the effeet of drying a soil to different moisture contents 
on the morphology of wheat is shown in Table 2. The results with 
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we steat decrease willbe: noted in 


pots 418, 419, and 420 in the number of culms per pot, but only a 


slight difference in the other characters. 


These pots were held at 


saturation before planting and a poor physical condition of the soil 


was noticeable. 


TABLE 2.—Effect of Previous Moisture Content on the Morphological Characters 
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1 Also 5 three-grained spikelets. - 
2 Also 7 three-grained spikelets. 
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iW sal No. 2, greater differences in the morphological charact@ts 
que to the effeet of the previous moisture content could be noted. 
here, asi the qilaint growth, tlie soil athat hlebeen held at see 
cout moisture content shows the poorest results. There is a sinularity 
hetween the pots which had been held at 15 pereent and those at 40 
petoettt, the average namber of culms per pot being as great in the 
i> porcent as in ihe 15 percent qiats. 

Comparing the two soils, we tet a greater number of culms per pot 
mesa) No, 2. but the length of culms is somewhat Jess in this soil. 
Vhe vreater nunmther of spikelets with one grain were found on the 
plants i soil No. t, and the greater nomber with two grains were 
rene on the plants soit No, 2. It will be seen that mn soil No. 1 there 
wera Mecrcase an. the auniper of grains per treal-as the imiorstim 
Pe A WN Ese hile mi sen] No. 2 there was Ditle ditlerence 
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In soil No. 2, a moisture content of 40 percent must be compared 
to the content of 30 percent in soil No. 1, as in both cases we have 
complete saturation for each soil. In the clay loam pots wluch had 
been previously held at saturation the yield of dry matter is smallest, 
but in the organic clay loam pots which bad been held at saturation 
the vield is as large as those with the lowest moisture content.  [f 
we consider that the lowering of the moisture content im the pots at 
49 percent moisture content is an effective drying out previous to 
planting, there is decided increase due to drying just before planting. 


Tarr 3.—LEeffect pf Precious Moisture Content on Woetght of Dey 'Vutter of 
Wheat und Buckwheat Produced. 
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is, however, a greater increase in the yield of soil No. 2 over soil No. 
Tt thane the Tirst crop. 


Effect of Previous Moisture Content on the Total Nitrogen in the 
Crop. 

The results obtained in the determination of the total nitrogen in the 
diy matterot the eran and straw are shown im Table 4, It imiecheen 
repeatedly shown that plants grown under different moisture condi- 
tions show a variation in the amount of plant coustituents found in the 
dry matter. .\ greater crop growth usiialh causes a smaller perce 
wee of imtrogetain the plant. (1 the otler-hand if the aqzlable 
nitrogen in the soil is increased by an increase in the moisture con- 
tent, an increase may be found in the percentage of mitrogen in the 
crop. The chemical constitution of the soil niust be a factor, more 
‘especially in the soluble organic matter. 


Taatr 4.—Effect of Prevtous Muistitre Cartent on Total Nitrogen in the Crop. 
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The results presented in Table 4 show that there has been no effect 
on the nitrogen of the crop resulting from a difference of the previous 
moisture content. -\ comparison of the two soils shows on the aver- 
age twice as much nitrogen in the plants grown in the soil high in 
organic matter as in the same soil Jow in organic content. As these 
soils differ only in organic content and the results show practically no 
difference due to water content, the difference in the percentage of 
nitrogen in the dry matter must be cansed through some factor due to 
the organic matter. 


Effect of Previous Moisture Content on later Soluble Matter. 

It has been shown liv a number of investigators that the complete 
drying of the soil causes an increase in the soluble salts recoverable 
froma water extract. flowever, in this investigation the soil has in no 
case been dried to an air-dry condition. 

The results presented in Table 3 show that a lowering of the mois- 
ture content previous to planting has caused an increase in the plant 
growth. In order to determine whether this increase was related to 
an increased amount of plant food, determinations were made on the 
total solids, nitrates, potassium, and calcium in the water extract and 
phosphorus in a fifth-normal acid extract. 

It might be expected that the greater plant growth in the soil high 
in organic matter would result from the large amount of plant food 
Cummed mi the “organic midterial, “\\ater extricis: were made. trom 
soils from all the pots immediately after the second crop was har- 
vested, by adding 500 c.c. of distilled water to 100 grams of the soil 
ae nierine throug a Pastenrmchamberlany water titer, 

Total Solids.—Table 5 shows the results obtained in the determina- 
tion of the total solids from a water extraction of the soil sample. It 
will pe seem irom thictable that low water content reduces the total 
solids in the unplanted clay loam, while in the planted series of this 
soil there is little difference in the results. The results with the soil 
high in organic matter show an increase in the total solids in both the 
planted and unplanted series with an increased moisture content. 

Considering the effect upon the clay loam, it is evident that drving 
the soil to a lower moisture content has increased the water-soluble 
matter. The planted series of this soil shows this same increase, 
although at the time of planting all pots were brought to the same 
moisture content. The opposite effect in the organic clay loam must 
be attributed to the greater amount of organic matter. It is evident 
that the lowering of the moisture content has had no effect on the total 
solids recovered, as the amounts increase with the increased water 
content. 
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Tare Sl feet of Previous Wuisture Coutent on Soluble Salts in the Sod 
t¥ otal Solids in (Water Pactract Papressed in Parts per Afulion). 
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Ie would seem that the lawermge of the water content as affecting 
the water soluble matter depends entirely upon the types of soi used. 

Vitrafes. tn order to ascertain what effect the lowering of the 
moisture content may have upon the nitrification in the soil, the nitrates 
were determined on samples front all the pots after the second crop 
had been harvested. The samples were brought to the laboratory 
and the moisture and uitrate deternmnations were made within sixteen 
hours after sampling. ‘Phe nitrates were determined colorimetrically 
by the phenol dismiphonic-acid method. Phe results are presented in 
aert 

If ae comparision of seties. 1 ad 2 01. both sails: is inale TE ee 
secu that a reduetion of the nitrates was caused by plant growth. The 
anelycs alsey sitow that the nitratecire less mm the qilanted Sete a 
sail Ne, 1 thai iv the sune series ad soi No) 25 Tis ima eee 
to the greater amount of mitrates present in the organic clay loam be- 
fore planting, there bemg more than necessary to satisfy the require- 


BLES STUDIES TNShIEE DRYING Od Son G3 


micits or tue plants. Irom Tables 3 aid 4 1t will he seen that a 
greaier growth and a greater amount of total mitrogen in the crop 
Peresonrained in die oreanie clay loam, A. decrease qs: found in the 
nitrates of the planted series due to the previous lowering of the 
moisture content, this decrease being more decisive im the clay loam. 
Under the unplanted series of both soils the results would tend to show 
that there has been little effect on the nitrates duc to a lowering of the 
moisture content. .\ reduction may be expected in the planted series. 
as pots at the previous low moisture contents gave mich greater 
growth. 
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Why the lowering of the moisture content in the unplanted -eries 
had no effect is hard to explain, as an aeration of the soil under the 
low “rater content would he expected to imerease the mitrates, Vet it 1s 
evident that the results are influenced by other factors which tend to 
equalize this effect. 

It was thought that a study of the nitrate producing power of the 
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soil might throw some light on the effect of drying soil on the nitrify- 
ing organisms of the soil. At the time the nitrates were determined 
in the soil, another 1co-gram sample was taken, placed in a bottle, 
plugged with cotton, and incubated for seven days at 30° C. Nitrate 
determinations were then made as shown in Table 7. 

A comparison of the nitrates in the soil as shown in Table 6 with 
the nitrates after inenhation as shown in Table 7 will show that in 
nearly all cases denitrification has taken place. It can be seen from 
the tables that the variation in the samples from pots under the same 
treatment are too great to warrant any conclusions on the effect of 
lowering the moisture content on the power of the nitrifying organisms 
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of the soil. 


Tame 7. Effect of Previous Moisture Content on Nitrates Produced by Ineiu- 
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Potasstua, Calcium, and Phosphorus.—Determinations were made 
of the potassimm and caleinn in the water extracts and of the phos- 
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TABLE 8.—E ffect of Previous Moisture Content on the Potassium, Calcium and 
Phosphorus in the Soil. 


Series 1, Planted. 


| Previous 
Pot No. | Moisture nga 
Content. 

p.p.m 
4ol 15 272 
403 15 rane; 
408 5 12.6 
Ave 15 23.3 
pila 20 30.4 
AI2 20 2a 
430 20 11.7 
Ave 20 Rent 
415 25 O18 
ALO 25 11.6 
AF 25 26.4 
ave 25 19.8 
418 30 orale | 
419 30 Piel 
420 30 Boe 
Ave 20 Deve 
431 15 28.3 
432 15 19.2 
433 15 62.2 
Ave. 1s 36.0 
434 20 38.4 
Hes ‘20 29.0 
436 20 34-3 
Ave. | 20 34.1 
437 | 25 14.6 
438 | 25 209.0 
439 25 38.1 
Ave. | 25 ape 
440 §, 30 152 
441 30 61.0 
442 [ 30 4i.4 
ANG; 30 49.2 
443 4o 22.9 
444 49 105.2 
445 | 40 9.2 
Ave. | 40 40.4 


phorus in a fifth-normal nitric acid extraction of the soils. 
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Series 2, Unplanted. 
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The cal- 


cium was determined by the turbidity method and the potassium by 


the colorimetric method of the Bureau of Soils.* 


The phosphorus 


3 Schreiner, Oswald, and Failyer, George H., Colorimetric, Turbidity and 
Filtration Methods Used in Svuil Investigations, U. S. Dept. Agr., Bur. Soils 
Bul. No. 31. 1906. 
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¢ to the method of Fraps.* 


was deterummed colorimetrically according 
The results are sllown in Table &. 

Pronaa study of Table 8 it may he seen that there has been very 
little effect due to the different moisture contents. A reduction of 
the potassium and the calemmm was found in the planted series of 
soul No. 2.0 The phosphorus was determined in the unplanted series 
Of both sails and no differences were found due to differences of 
moisture content. 

It must be concluded from these data that the reduction of the 
moisture content has no appreciable effect on the potassium, calcium, 
agd phosphorus in the soil. 

Linie Requirement. In order to determine whether the lowering 
of the moisture content had any effect on soil acidity, lime requirement 
determimations were made according to the method of Dizzell.® These 
results are presented in Table 8. The clay loam shows no lime tre- 
qiireiiein, Te organic chiy Tea am aiweiage oT 1200 pp a ae 
No differences are shown due to the lowering of the moisture content. 
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t. The drving of soil previous ta planting has a beneficial effect on 
dant growth. 

2. The factor which causes this beneficial condition due to drying 
s affected by the organic matter in the soil, as is shown from the 
resulis of the two soils used, which differ only in organic content. 

3. The previous drying of the soil has no effect on the total nitrogen 
in the dry matter of the erop. 

4. The water-soluble matter is increased in the clay loam with a 
drying out of the soil, while in the same soil with a high organic con- 
tent the opposite result occurs. The organic content must be the de- 
ciding factor. 

5. In the planted series of beth soils a decrease in the previous mois- 
ture content has resulted ina decrease in the aitrates in the soil. In 
the unplanted serics no effeet has been fomnd. 

\ denitrification was found in the soil samples when incubated at 
30° ©. for seven days. The great variation in the test allows 10 con- 
Thisions from the effects of drying the soil. 

v. Che drving ont of the soil has little effeet on the available potas- 
ta, calettun, or phosphorus in the soil. 

Thropes GS. Netive Phosphorie Acid and Tts Relations to the Needs of 

e Siler Phosphorfe Acid in Pot Experiments, Tex. Aer Exp. Sta, Tul. 
Mere 126, Tan, (1otH), 


Vazeoll, Jo XN and Lyon, T. £., Estimation of the Lime Requirements of 


eos, Joyner Titus. FPuein, Chem, 8: lorte1oi2, 113. 
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EXPERIMENT 2, Tite Errect or Devine \ Swit on ITs Prystuioc- 
TCAL CONDI Tiga» AS MIEASURED DY TIE CARON Di6xiD 
PRODUCTION ANG GITRIFICATION. 


As a study of the effect of drying and wetting a soil on its bacterial 
activity, the carbon dioxid formation has been determined. A study 
of the effect on nitrification has also been made by determining the 
nitrates in the soil and its nitrifying power. It has been shown by 
previous investigators that the bacterial activity of the soil may be 
measured by the carbon diuxil production. It can not be said that 
this determination gives a complete measurement of the bacterial ac- 
tivity, vet sufficient data have been obtained to show that the effect of 
Citi aso on its) bacterial activity iiay. beadererminted in this avay-. 
As a cheek on the carbon diovnid determination and because of the 
importance of the nitrifving organisms, the nitrates and the nitrifying 
power were determined. 

When the pots that had been kept in the field-house for two months 
were returned to the greenhouse, it was found that a number of them 
Nat meen broken. lhe clay loam, soil) No. 1) trotiesix of these 
broken pots was transferred to new pots, and the soil brought to an 
optimum moisture content. 

After the pots were held at an optimum moisture content for four- 
teen months, they were submitted to a treatment as shown in the 
following plan: 


Pot i. Original soil. Determinations mrude om wet soil. 

Pot 2. The soil taken from the pot and dried in the drying room at 30-35) C. 
for ten days and determinations made on the dry soil. 

Pot 3. Soil dried as above, but it was again brought to an optimum water con- 
tent (25 per cent.) and held for sixteen days before determinations 
were made. 

Pot 4. Treated as pot 3. but held thirty-five days before determinations were 

made. 

Treated as pot 4, but again dried and held eleven days at optimum 

moisture content before making determimtions. (Two dryings.) 

Pot 6. Treated as pot 5, Dnt again dried and wet again fourteen days before 


iD csite 


eon 


making determinations. (Three dryings.) 


Carbon Dioxvid Produced on Prying and Wetting a Soil. 

The method used to study the amount of earbon dioxid produced in 
a soil was a modification cf Stoklasa” A diagram and deseription 
of the avparatus is presente: in figure 3. 

The soil sample was well mixed and 500 grams (on dry basis) 
placed in the glass eylinder. The evlinders were kept in an ineubator, 

®Stoklasa, J. in Handbuch der Biochemischen Arbeitsmethoden (.Alber- 
halden), Band 3, Tetl 2, p. S@4 rate. 
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held: ata temperature of 20° C.- The air tree of canbon dioxin as 
drawn through the soil in the cylinders, the rate.of flow being regu- 
lated at “kh” on the aspirator, By making some preliminary experi- 
ments the maximum rate of flow necessary was found. The carbon 
dioxid produced was measured daily for ten days, except in the case 
of the air-dry soil, which ceased production after the seventh day. 
All determinations were made in triplicate. The results for each 
soil are presented in Table 9. 

Tarr o—Deaily Production of Carbon Dioxid in Parts per Million from a Sotl 

; Fariously Treated as to Moisture Content. 


Parts per Million of Carbon Dioxid, 


sample Na, 13s; 
— - ins Total. 
I 5 3 4 5 € . 8 a To 
Pot 1. Original Soil—Not Dried. 

a7 ae i 
I 5460 206 70 92 120 asm Se 64 108 234 1,676 
2 ee 216 104 104 86 162 elias 2 TAG 1,508 
2 cae Bri 116 yes Ted 122 a} 204 ee =a T,318 
Average... ... S44 178 99 Oo O3 pene | 26 140 120 Is7 1.001 


Pot 2. Sail Dried and Not Wet Again. 
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Average... . $2 44 I 51 TO 10 20 9 — — 22y 
Rotsy Son Dricd sand Wie team ton SintcciDars. 


I 2600 2085 Chet O [PIS ee eets er eae rel eee ts: BL AFO 
2 228) 8TO- Tse 20s 50 8 S005) 20 52 TOS 9 LSS 1O72 
3 GAR Tog Tea yo e32 GE 2200), 252 96 TOS 188 2,10 
ANGEARC ny. Sys S00 OUST eect Olek 7. leoiills OG Meni ume Us 2,166 
Pot 4 Soil Dried and Wet again for Thirty-five Days. 
I GSO —27O) LEZTOR 2. “2sO Seem 132) seis 24 fo) 1,998 
=) 900. 2205) 22d Enso. “Saye teas 2 G2 SO et 1,501 
a TS. 7 2 P4O. “156 24ers oO mee es 30 Tago. 
ANUCEAC Gi Lee 0 27) TOR) eS Ome eb eT os hac) LOl enn) ie: 1,035 


Pot 5. Soil Dried Twiee and Wet again for Eleven Days. 


| 
TOS @ LOO" 166°) Taye G6 — —_— 


I £60: “554 202 1,854 

2 rs: 402" 274 TOL ee One 66 190 70 — Po BY OW 
Aeron... 02 G86 “478° 288 “1h6M agq— > 1167 “TOO, 120 — — 2,403 

Pot, Soil Dried Three Times and VWeteacantar Fourteen Wars: 

I 414 “206% 186 6 FOO 160 100 152 296 276) 2,2u6 

fel 600) 284" B22 2028) 244 Bak 1H. The wow 160 24 ie 
Awenaee., «a2 SOF 8200.) 254. 8134 7 Bee Tas Mees Ta eee 2a, 


Ly a study of the tables it will be seen that the bacterial activity was 
ereatly inereased by a previous drving of the soil, In the soil that 
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ives Ol Wet again alter drying, the bacterial activity was ercatly 
inhibited, and after seven days the carbon dioxid production had com- 
pletely stopped. / 

ne drying of the soil greatly increases the activity over the orig- 
inal soil. In the soil held at an optimum moisture content for 35 
days after drying the production of carbon dioxid becomes normal 
acai ds Shown by a Gaiijearisomal Pots 1 and j.( Table Oo). -.\ soil 
dried twice dees not show a much greater activity than when dried 
once, while three dryings show no increase over two dryings, Evi- 
dently the factor that causes the increase is not greatly affected after 
the first drving o: the soil. 


The Effect of Drying and (letting a Soil on the Nitrates and 
NMitrifyigy Power. 


The nitrates were determined colorimetrically in a water extract of 
the sample by the phenol disulphonic-acid method. Samples from each 
pot were taken at the time the carbon dioxid determination was made. 
one part being used for the immediate determination of the nitrates 
and the other for the determination of the mitrifying power. The 
nitrifying power was determined by incubating the samples for seven 
day at 30" CC. Whe results are showin 1 Table fo. 


fi 


Fic. 3. Apparatus for determination of the carbon dioxid produced in a soil. 
Description of apparatus: a, Incubator; 6, wash-bottle containing Ba(OH)2; 
¢, wash-bottle contaiiting KOH; d, glass cylinder containing soil; e, U-tube 
containing H»SQ,; f. U-tube containing CaCl: gy, potash bulb; fr, U-tube con- 
taining CaCk; 7, U-tube containing H:eSO.; /, aspirator bottle; &, stop-cock for 
regulating flow of air; ¢, thermometer: ww, glass-wool in bottom of cylinder; 
41, thermostat. 
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Tape to.—-FEffect of Drying and HWetting a Sci! on the Nitrates and \arifying 


POEs 


Paits por Mi leon of Nitrates im 
Soul Dtrgraa soil Dried 
: Terai, beri Tein=s Seat Treated 
o ment [hon ‘Then std Me LLNS oi 
= Seal aS Sin | We eal Drouche KD Drought to als Nu, 4. Phi 101 Dried 
a Petit LitlOUegmee =: Esclueai tee ee therncenit Then Dried ean ciara 
5 Moisture ny Said Moisture Moisture en Day *  "Toae and 
r econ (Per. Content and Content and 7 fren Vick DS hava 
icant eo A Helditor six Held Ubinty- Pleven Days geen Days 
teen Days five Days (hots), uteri 
Waa ea (Pat aS 
Nitrates in the Soil 
I seeks) T43 ite 166 2604 428 
2 1600 P33 cs, 160 250 330 
Ave. 150 138 Lietiey 160 2(50 332 
Nitti Puen aiter luculation ine Soe Dies tt gos 
Scere I, Soil alone: 
I 208 183 tSq 130 308 400 
2 200 160 tie 130 38.4 34 
ANKE 20 Le2 eae 130 Bin) 3)2 
' ‘ 0 rode 4 
Seric? 2, Soil +2 gr. dried blocd: 
[ Lye 220 205 Re {00 aloe 
Pe Too 200 Sa 340 4ao see 
SNNIGS 170 apa ~ I ira 400 y8 
Serie] sy Soil “7 seers CN EC Ch 
1 eu Tyo @: oN (hee 416 
2 208 ey oe: B04 O40 416 
eu 216 2 as 200 fa ATO 


Pia cousiderme the: cme on ae aitrates we. fd thiateie 
drving of the sot has greath reduced Wren, and as has heen per 
iousty shown also has reduced the carbon dioxid production. The 
rewetting of the dry sor for a period of sixteen days has fnrther de- 
creased the nitrification, In this sample the opposite is found im the 
earbon diosid prodnuetion. lathe soi hetd moist tor thirty-five days 
alter cone alrving and in those previnns dred trice ane three vies: 
an fnerease tno nitrification is found.  Vhis inerease corresponds with 
the carben dros production in teuse-samples. Wha sample 37 lias 
shown a devreasc is not altogether elcar. 

The results from the nitrate determinations as compared with the 
carbon dioxid production show that the nitrification as etfected hw the 
drving of the soilas for the taost part Molegieal, bint there must he 
factors other than bielogienE which inflvenec this change. Vhese will 
be disensscd later. 

Vhe mitrifving power of the soil was determined in three series im 
erdcr to observe the effect oo the addition of organic and inorganic 


NEEIN : SEUDIES IN. Tilk DRYING OO SOleS, alk 


nitrogen on nitrification. Samples of 100 grams of soil were used im 
each case. Thc ihree series were as tullaws: 

Series 1. Untreated. 

Series 2 grains of dried blood added to the sample. 

Senes 3. 165 Oram ot CNH SOn added to the samme 


ty 


It will be seen from Table 10 that the addition of nitrogen either in 
organic or inorgame form has increased the nitrification. However, 
the results from cach treatment as compared with the nitrates before 
incubation show, in the main, the same order of difference. 

Considering the effect of drying of the soil on the nitrifying power, 
the original soil shows an increase of 54 p.p.m. when the soil has been 
incubated alone. Series 2 and 3 of the same sample gave an increase 
of 26 and 606 p.p.m. respectively. In the dry soil the nitrates are in- 
creased in about the same ratio, but here there is an error due to the 
wetting of the soil on incubation, and the same results are obtained as 
in sample 3. [f the nitrifying power of the dry soil had been deter- 
mined, it is very probable that no mitrifying power would have been 
obtained. In sample 3 there was an inerease of 55, 95, and 111 p.p.m. 
ipecties 1, 2 aud 3 respectively. This shows dat the ellect of prey 
iously drying a soil is to increase the activity of the nitrifving organisms. 
In sample 4 the incubation of the soil has shown a decrease, but an 
micrease Of 148% and 130 p.pan. was fond im series 2 and 2 of tus 
sample. In the carbon dioxid determination the rewetting of the 
soil for a period of thirty-five days gave a result similar to the orig- 
ial soil. ols dried tivo and three times live intressed the titi 
ing power over the samples dried once. [rom the table it can be seen 
that the maximum is reached at two drvings. These results would 
show that the activity of the nitrifving orgaiisms is increased by a 
previous drving of the soil, but reaches a maximum at two dryings. 


Suuimary of E.rperiment 2. 


i. The bacterial actrcaly a> micaseted by the carbon itoxid pradue 
tion is increased by a previous drving of the soil. 

2, The carbon toxid janlaeioiris very tow an a dry sail. the pro- 
duction ceasing after seven days. 

3. The activity is increased by two dryings, the third drving show - 
Mie Ons ver slight meric over tie: secon. 

4. A soil held moist for thirty-tive days after one drving assumes its 
normal condition, the activity being only slightly greater than in the 
original soil. 

s. The previous drying of the soil inereases mitrification, 
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6. The dry soil shows a reduction in nitrates, as in the carbon dioxid 
production, 

7. The nitrifteation is increased by two dryings and again in the 
soil dried three umes. 

8. The nitrifying power of the soil is increased by a previous drying. 

Oo. The mtrifying power continues to increase with two dryings, 
but probably reaches its maxunum at three dryings. | 

iO, The effect of adding organic or inorganic nitrogen to the 
sumples is shown by a imarked increase in the nitrates produced. The 
merease in the determinations is in the same ratio as in the sample 
with no nitrogen added. 


Discussion AND CONCLUSIt Ware 


the foregoing results show that the drying of soil has an effect 
on its ferthiy, which results in am increased plant growth. The crop 
growth as increased by a previous lowering of the moisture content, 
out the difference in the organic content as shown in the two soils 
used, has influenced the changes which are produced. 

in EXperunent 1 there is a drying out of the soil by a lowering 
of the moisture content, but im no case do we have a soil completely 
ait dried. This experiment represents a condition that takes place in 
a humid region where the soil rarely reaches an air-dry condition. In 
a consideration of the results from Experiment 1 this must be kept in 
mind. 

Wilule the effects of drying on the physical changes have not been 
delinitely studied, a discussion of the subject will necessarily inelude 
the physical factors which are acting through «a change in the soil 
Moisture, 

The drying out of the soil inereases the granulation, which is in the 
most part due to an alteration of the colloidal material. The increased 
grautilation allows a greater amount of soluble salts to be carried in 
the granules, which on subsequent wetting allows a greater amount to 
go into solution. Referring to the results obtained on the amounts of 
water soluble material found in the two soils under different mois- 
ture contents, we find that the drving out of the clay loam has caused 
an increase in the water soluble material, while in the organic clay 
Joam the opposite ocenrs. .\s these soils differ only in the organic 
content, the factor which influences the solubility of the soil constitu- 
ents must be due to the difference in the organic matter of the two 
soils. If in the clay loam a granulation due to drying has caused a 
greater alteration of the colloidal material, this would allow the water 
greater access to the soil particle; and if the concentration of the salts 
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on the surface of the particle has resulted from an increased film 
‘pressure afound the particle, a greater amount of soluble material 
will be recovered by a subsequent wetting of the soil. However, in 
the organic clay loam the decrease found in the soluble matter on 
drying woild tend to show-that the great amount of material soluble 
when the soil is held at high water content overcomes any increase 
titty tbe due to a drving of the sol. 

Again, as the organic clay loam shows a lime requirement of 1,200 
mim Ca), ihe acuity which is due to the organic matter would 
deflocculate the colloidal material, resulting in a less amount of surface 
being exposed to the solvent than in the clay loam. It has been 
shown by previous investigators that a soil high in organic matter has 
a great absorptive power. This absorptive power would increase the 
plant food held by the soil and result in an increase of the soluble 
matter when the soil was dried; but if the soil was not dried to a low 
enough water content to alter this absorptive power, no increase would 
fest. Checresinows and tatty tiaterial of the-arganic iatter may 
surround the mineral particles and allow no greater solubility even if 
more soluble salts are-exposed to the solvent after a drying of the soil. 
It has been considered by some investigators that the water-soluble 
material forms a colloidal film around the soil particle. On drying a 
soil this film will be altered and allow a greater solubility of the sol- 
uble salts. This may partly account for the increase in the 
water-soluble material in the clay loam when dried to a 15 percent 
moisture content, but in the organic clay loam it may be that the large 
amount of organic matter soluble would strengthen this colloidal film 
and a greater drying be necessary to alter the pressure of the filin. 

Other factors, mainly chemical, must be considered in a discussion 
of the effects of drying soil. The dehydration of the silicates, deoxi- 
dation of the oxids, and oxidation of many of the compounds are some 
of the important chemical changes which take place in the soi on 
drving. However, in Experiment 1 the soil has not been dried below 
a moisture content of 15 percent, and these factors cannot exert any 
marked influence on the changes produced. 

The drying out of the soil causes an increase in the nitrification in 
the planted scries, but no effect is observed in the unplanted series. 
Why this occurred is not clear. The biological factors that are at 
work here may sufficiently alter the results so as to eliminate any 
difference due to the changes in moisture. This will be discussed 
further under the results of Experiment 2. 

Turning to the determinations of potassium, calcium, and phos- 
phorus, as affected by the lowering of the moisture content, it was 
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found that there is no increased solubility of these elements. This 
would show that the beneficial effect on plant growth must be due 
toa great extent to an alteration of the physical condition of the soil 
and not to a greater amount of plant food being liberated. 

The results from experiment 1 show that the lowering of the 
mMemture content previons to planting has a benecfheial effect on plant 
erowth. “OM the clianges produced si ie soil, the physical, cliemmeatk 
and biological factors must be considered, but in the results obtained 
trom dexpermnent 1, it would seem that the change m the physical con- 
dition is the principal factor. 

In Experiment 2, the results of drying a soil are studied in connec- 
tion with the biological changes. The effects on the biological factors 
have been measured by the biochemical changes produced. This ex- 
periment differs from lexperiment 1 in that the soil was dried in a dry- 
ing Yao at a temperature Of 30° Cand inay be consnlered as an 
dried. 

before discussing the effeets of drying on the physiological changes 
produced as measured ty the carbon dioxid production, it will be well 
to consider whether the carbon diosxid produced is a correct measure 
of the bacterial activity. The most important objection to this method 
is that the amount obtained in some cases appears to be too high to 
attribute to bacterial action. The chemical changes produced on dry- 
mg may he parth: responsible for the increase in carbon dioxid. 
Ii can not be said that all the organisins in the soil evolve earbon 
diosids but af the most important soil organisms produce carbon 
diosid and ait the changes produced by drying aet similarly on these 
orgasms, the measuring of the carbon dioxid production should 
eve a TOMIVe INGrEient Of Te dmclerin! acct; 

The results of the experiment show that a previousty dried soil 
gives a greater bacteral activity as ineasired iy the earl eee 
production and nitrification in the soil There are a number of pos- 
sthle reasons to he considered ina discussion of the effeet of drying on 
the physiological condition of the soil. 

It has been shown by many investigators that the organisms in the 

Hi. eXevept the anthers: are resistant to dryme: 17 reais ie 
erganimims are destrayved on drving the soil, then the increased mitrifi- 
etter aust be accounted for through ehenical changes produced in 
le se The drying of the soil alters the colloidal material and allows 

Cheater wnountal Ossecn to enter the soi. After the soil has been 
het agian am inerease is found in the aitrates. whieh would be due to 
he daduce.) oxidation. 

handing wsoiha greater amount of plant food is made available, 
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ine Dacteria would be able to cbtain a creater supply of ioofS .\c- 
cording to Greig-Smith, the drying of the soil would destroy the 
Waxy substance surrounding the soil particle and allow the more re- 
sistant bacteria a greater food supply. 

The resistance of the organisms to drying may be due to the 
folmation of spores. .\s it is known that the nitrifying bacteria do 
not produce spores, we may consider that the decrease in the mitrity- 
ing organisms and the increase of the other organisms on drying may 
bedie to tne alulity of the latter to form spores. In a discussion 
on the causes of the benehcial efiect due to drying it 1s mecessary to 
consider the hypothesis of Russell and Hutchinson. Considering that 
diesdryving of the soil is a partial sterilization, they believe that the 
drying of soils destroys or inhibits the action of the phagocytic or- 
ganisms, and an increase in the ammonifying bacteria results, which 
is beneficial to the productiveness of the soil. 

In an air-dried soil the hygroscopic water may be sufficient to satisfy 
the requirements of the bacteria. The hygroscopic water is held 
around the soil particle as a thin film. This film exerts a very great 
pressure, which, it seems, would not allow the organisms to obtain the 
water or the food enveloped in it; but 1f the bacteria themselves were 
included within this film, then sufficient food might be obtained. 

From the results obtained in this investigation and by other workers 
it would seem that the tucrease in bacterial activity on drying a soil 1s 
not a question of bacterial numbers, but depends upon the relative 
resistance of the important soil organisms. 

In a consideration of the effect of drying a soil on the physiological 
condition of the soil, no definite conclusions can be drawn until more 
knowledge is obtained relating to the effect on the different groups of 
organisms. The subject is very complex and must include many 
factors hoth chemical and plivsical, as, for example, an alteration of 
the colloidal material which would allow a greater oxidation. 

The results of these studies show that the drving of soil affects the 
physical, chemical, and biological factors, resulting in an increased 
plant growth. The inereased crop growth on a soil that has been 
previously dried is of importance to the practical question of soil 
management, more especially in the arid regions where the soil ir often 
air-dried. 
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